This Supporting Information (SI) is meant to support some of the explanations made in the main text. In the first two parts, detailed descriptions of Monte Carlo (MC) simulations and a tight-binding (TB) approximation are presented. The robustness of half-metallicity and topological insulator states of Cu-TPyB on a BN substrate or under mechanical deformations were discussed in the last part.
To further confirm the Curie temperature (T c ), we calculated the heat capacity (C v ) of the system using the following expression:
, where  T E is the change of the total energy of the system as the temperature increases from T to
. The calculated C v as a function of temperature is shown in the Figure S2 , which indicate that the Curie temperature (T c ) is in the range of 137~151 K, and that the ferromagnetic-paramagnetic transition is a second order phase transition.
Although this MC simulation only gives a rough estimation of the Curie temperature, it is consistent with the high stability of the FM state at the temperatures lower than 151 K, which is at the same temperature range as that predicted in the Mn-Pc sheet 1 .
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Temperature-dependent magnetic moment per unit cell obtained from the MC simulations with different nearest-neighbor exchange parameter. i-th and j-th atoms. The above parameters are partly marked in Figure S3 . To explore the reasons of the abnormal phenomenon at tensile strain of -10%, we checked the structure of Cu-TPyB and found it undergoes an in-plane reconstruction, leading to a low symmetry configuration, as shown in Figure S6a . This is consistent with the prediction that Cu atom can bond to three TPyB ligands and Cu-pyridyl can be altered to a three-fold coordination under high compression 2 . The reconstruction
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leads to a slight shift in the relative positioning of the partial charge density decomposed to the four bands in the vicinity of the Fermi level, as shown in Figure   S6b . The corresponding band structure (see Figure S5d) shows the compressed framework remains a half-metal that still stem from the p z atomic orbitals of light elements in the TPyB section. The in-plane reconstruction does not fundamentally affect the properties of Cu-TPyB. With the tensile strain further increasing, e. g. ε = 10%, the Cu-TPyB becomes a spin-polarized semiconductor with a trivial band gap of 7.42 meV, as shown in Figure   S7a . The magnetic moment per unit cell is still 3.0 μ B , but fundamentally different from the previous discussions. The partial charge density decomposed to the three spin-up bands at the yellow region in Figure S7a is plotted in Figure S7c , which shows the magnetic moment comes mainly from the copper atoms when considering the corresponding three unoccupied spin-down bands. Total energy comparison indicates that the FM ordering is still more stable than the AFM and NM states by about 136.98 and 173.72 meV/unit cell, respectively. There is no electrons occupied the four bands at the grey region, the p z -orbits of carbon and nitrogen atoms (see S9 Figure S7b ), indicating the larger tensile strain preventing the electrons of Cu from transferring to the TPyB ligands. This phase transformation can be attributed to the large lattice constant weakening the interaction between Cu and TPyB ligands.
